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Background and Early Sessions of the
Frequency Control Symposium

Willie L Doxey, retired*

The commitment of the Chief Signal equipment for the production of piezoelectric
Officer in early 1940 to equip the Army devices. All three services expanded their
Combat Forces with radio communications using fiscal capabilities to include sizeable
piezoelectric quartz crystals for frequency research and development of internal and
control was indeed a bold, yet sound, deci- contractual programs to meet their projected,
sion. The initial engineering development, new and improved crystal requirements. The
prototype models, and field testing proved Army program, keynoted by positive direction
conclusively that the quartz crystal was of General James D. O'Connel to wit, "We
essential to assure the military of reliable must never again be caught, as we were in
communications under combat conditions. 1941-42, without a superior base of technolo-
However, adequate information was not avail- gy, trained engineers, and upgraded facili-
able at that time to properly expose the ties to accomplish the Army's mission in
astronomical problems of expanding and mod- communication on a timely basis."
ernizing an industry capable of producing the
number and variety of quartz crystal units to With the support and direction of
meet mobilization schedules for communica- General O'Connel (who subsequently became
tions equipments required by the Armed Chief Signal Officer of the Army), several
Forces. Cursory inventory of the total actions were made possible:
production of quartz crystals (of all types)
in the years of 1939 and 1940 turned out to 1. Funding for frequency-control
be, at most, only a few thousand compared to programs for research and development con-
the several million required at the beginning tracts was increased substantially, exact
of 1942. During a special review of this figures are not available. However, if we
critical production problem, a suggestion was suggest a figure of one and one half million
made by the Senior Field Commander of the dollars, as an initial start (with the buying
Armored Forces (on maneuvers at the time) to power of 1946 dollars), this was considered a
return to the old model radio without the use very worthwhile effort.
of quartz crystals. At this remark, General
James D. O'Connel stated, with some authori- 2. The Fort Monmouth Frequency
ty: "Yes, we can give you those radios; but Control Activity, at the close of World War

with quartz crystals we can give you communi- II, retained its identity, thus surviving
cations." serious reductions in personnel, particularly

engineers and technicians.

During the war years of 1942-45, the
crystal manufacturers, with unstructured 3. The Army's Frequency Control
support of the three services (Army, Navy, activities (internal and external) have

and Air Force), sponsored "production forums" survived a number of command reorganizations
which met monthly, in conveniently located (or restructurings), and maintain a very
cities, for discussions of those problems healthy "Laboratory" identity.

related to the production, testing, packag-
ing, etc., of crystals for the military Throughout the World War II years of

services. These meetings provided a valuable 1941 through 1945, production of war support
communications network and, more important, materiel was of the highest priority. Engi-
provided a platform for exchanges of techni- neers and technicians were totally engaged in
cal information and production problems in production support. The quartz crystal
this narrow field of new technology. After production program was among the 10 highest
the war, however, only a relatively few of priority items in the total Army program.
the crystal companies remained active. Engineers in the crystal industry (and in the
Military requirements for production (of government) identified problems in the
existing types) were simply nonexistent. design, production, and performance of crys-

tal units (as well as test and measurement

During the last years of war (1944-45), equipment), which required research and
the three services (Army, Navy, and Air development efforts. As a result, when the
Force), and the National Bureau of Standards, war ended, there was an abundance of proposed
along with the Bell Telephone Laboratories, tasks and projects requiring development
and universities (among others), had become work, engineering design (redesign), and
more keenly aware of the lack of scientific research investigations. Unzolicited propos-
knowledge of the properties of the quartz als were being received by R&D activities of

crystal. Interest and support expanded all three services (Army, Navy, and Air
rapidly in the military services to Force), and in many instances the same pro-
provide resources for research and develop- posal found its way into each of the services
ment, as well as refined techniques and for support. Although coordination among the

three services was very good, at laboratory
--------------------------------------------- levels, the potential, as well as actual

*Willie L. Doxey was Chief of the Frequency overlap and duplication of efforts, sug-

Control Branch, Signal Corps Engineering gested/demanded a coordinated review at

Laboratories, Fort Monmouth, NJ, during the laboratory levels on an annual basis by

early days of the Symposium, prior to the engineering and top management personnel from

publication of the first Proceedings. the three services.



In the absence of a structured organi- 0 Mass Production - Techniques,
zation to review and coordinate the research Equipments, Automation
and development in this new and important 0 Measurement Methods
field of Frequency Control, representatives
of the Army, Navy, and Air Force (with par- Atomic and molecular frequency standards
ticipation of the National Bureau of Stan- were first addressed at the Symposium in the
dards, experts from commercial R&D laborato- mid-1950's.
ries, and manufacturers), initiated action to
formalize an annual review of problems, The symposium remained at the Berkeley-
progress, and programs in this rapidly grow- Carteret Hotel until 1959; after which time
ing field of frequency control. it was transferred to the Shelburne Hotel in

Atlantic City, NJ, where it remained until
The first "Conference on Frequency 1971. The Symposium soon reached an atten-

Control" was held in 1946 in the conference dance of several hundred engineers and scien-
room of Squire Signal Laboratory, Fort Mon- tists from a number of domestic and foreign
mouth, NJ, under Signal Corps sponsorship, countries.
with the participation of Air Force, Navy,
and industry. Approximately 65 people at- In 1972, the Symposium moved to the
tended. The agenda was flexible, with infor- Howard Johnson's Motor Lodge in Atlantic
mal presentations by engineers of the three City. In 1973, due to a major fire at the
services, covering, primarily, their internal Howard Johnson's a few months prior to the
programs and contractual requirements, fol- Symposium, the Symposium was moved to the
lowed by a tour of the facilities and inter- Cherry Hill Inn, Cherry Hill, NJ. In 1974,
nal activities of the Frequency Control the Symposium returned to Howard Johnson's,
Branch of Squire Signal Laboratory. Informal and remained there until 1979 (which is about
presentations were made by engineers from R&D the time that gambling became legal in
contractors and other technical representa- Atlantic City). From 1980 to 1987, the
tives from commercial manufacturers and Symposium was held in Philadelphia, PA.
laboratories. Interesting and profitable
discussions followed each presentation. Sponsorship and management of the Sympo-
Attendees expressed opinions that this tech- sium remained with the leadership of the
nical meeting was very worthwhile, and that a Frequency Control Branch of Fort Monmouth, NJ
similar meeting should be held annually. No until 1981. There was no registration fee
formal reports were prepared; however, the charged up to 1981. Because the costs, in
informal notes and discussions proved valu- terms of both manpower and dollars, became an
able. The next three annual reviews were increasing burden on the Frequency Control
also held at the Fort Monmouth facility. Branch, a contractor was hired in 1981 to
Attendance increased substantially each year, assist with the administrative aspects of the
and soon exceeded the capacity of facilities Symposium, and a registration fee was insti-
available at Fort Monmouth. The conferences tuted in 1982. By this time, the Symposium
were then held at the Berkeley-Carteret Hotel had long ago developed into the premier
in Asbury Park, NJ, where they were entitled international scientific and engineering
Symposium. Invitations and formal agenda meeting in the area of frequency control.
were prepared and issued by the Frequency Discussions of defense related frequency
Control Branch; however, no proceedings were control issues were no longer the focus. In
prepared of the first nine symposia. Begin- 1983, a Memorandum of Understanding for
ning with the 10th Frequency Control Sympo- cosponsorship of the Symposium was signed
sium, formal papers were required, and pro- between the Director, U.S. Army Electronics
ceedings were prepared and distributed. Technology and Devices Laboratory and the

President, Institute of Electrical and Elec-
The major technical areas of research, tronics Engineers, Sonics and Ultrasonics

development and production explored during Group. The Sonics and Ultrasonics Group
the first nine Frequency Control Symposia changed its name shortly thereafter to the
were as follows: IEEE Ultrasonics, Ferroelectrics and F-equen-

cy Control Society.
O Quartz Crystals
O Other Crystals Having As long as the Frequency Control Branch

Piezoelectric Properties provided the manpower for admirt -ering the
Such as: Tourmaline, Symposium, it was necessary for Jhe Symposium
Aluminum Phosphate, to be located in the vicinity of Fort Mon-
Nepheline mouth, NJ. With the chancyes implemented

O High Pressure Crystal Growing between 1981 and 1983, this was no longer
Techniques essential. The Symposium management, there-

o Defects in Quartz fore, decided to change the Symposium loca-
O Piezoelectric Oscillators tion annually, startin' with the 1988 Sympo-
O Processing Technology sium.

Plating (Materials)
Polishing
Mounting, etc.

0 Crystal Holders
Metal, Phenolic, Glass

O Hermetic Sealing
O Aging Studies
O High Precision Crystals and

Oscillators
0 Temperature Control (Ovens)

2



Symposium Chairmen, 1956-1988

Year General Chairman Technical Program ChairmanI Other

1956 Eduard A. Gerber Personnel of the Frequencyl
Control Branch, US Army I
Signal Corps Engineering
Laboratories

1957 Eduard A. Gerber I J.M. Havel, R. Bechmann, I Arrangements:
I M. Bernstein, I Clarence E. Searles,
G.K. Guttwein, F.H. Reder Ruth C. Jenny

1958 Eduard A. Gerber I Jerome M. Havel Arrangements:
I Clarence E. Searles,
I Ruth C. Jenny
Facilities:

I Millard F. Timm

1959 Eduard A. Gerber I Jerome M. Havel Arrangements:
I Clarence E. Searles

I Facilities:
I Millard F. Timm

1960 Eduard A. Gerber I Jerome M. Havel Arrangements:
I Clarence E. Searles
I Facilities:
I Millard F. Timm

1961 Eduard A. Gerber I Jerome M. Havel I Arrangements:
Clarence E. Searles

I Facilities:
I Millard F. Timm

1962 Eduard A. Gerber I Jerome M. Havel Arrangements:
I Millard F. Timm

1963 Eduard A. Gerber Gunter K. Guttwein Arrangements:

I Millard F. Timm

1964 Eduard A. Gerber I Gunter K. Guttwein Arrangements:
I Millard F. Timm

1965 Eduard A. Gerber I Gunter K. Guttwein General Vice Chairman:
Vincent J. Kublin

Executive Assistant:
Millard F. Timm

Publications & Publicity:
Mrs. P. Goldon

Local Arrangements:
Millard F. Timm

1966 Vincent J. Kublin I Gunter K. Guttwein Executive Assistant:
I Millard F. Timm
I Publications & Publicity:
I Marilyn Herberg
I Local Arrangements:
I Millard F. Timm

1967 Vincent J. Kublin I Gunter K. Guttwein Executive Assistant:
I Millard F. Timm
I Publications & Publicity:
I Marilyn Herberg
I Local Arrangements:
I Millard F. Timm

1968 Vincent J. Kublin I Gunter K. Guttwein I Executive Assistant:
I Millard F. Timm
I Publications & Publicity:

Marilyn Herberg
Local Arrangements:
Arthur D. Ballato

1969 Vincent J. Kublin I Gunter K. Guttwein I Executive Assistant:
I Millard F. Timm

3



Year General Chairman Technical Program ChairmanI Other

Local Arrangements:
Joseph M. Stanley

1970 Vincent J. Kublin I Gunter K. Guttwein I Executive Assistant:
Joseph M. Stanley

I staff Consultant:
I Millard F. Timm

1971 Vincent J. Kublin I Gunter K. Guttwein I Executive Assistant:
I Joseph M. Stanley
I Staff Consultant:
I Millard F. Timm

1972 Vincent J. Kublin I Erich Hafner Executive Assistant:
I Joseph M. Stanley
I Staff Consultant:
I Millard F. Timm

1973 Milton Tenzer Erich Hafner (ECOM) I Executive Assistant:
I A.R. Chi (NASA) I John Vig

1974 Milton Tenzer I Erich Hafner I Executive Assistant:
Erich Hafner I John Vig

1975 Milton Tenzer I Erich Hafner Exec. Asst.: John Vig
Erich Hafner I Secretary: Lee Hildebrandt

1976 Milton Tenzer I Erich Hafner Executive Assistant:
Erich Hafner I John Vig

I Secretary:
I Lee Hildebrandt

1977 Erich Hafner I Erich Hafner I Executive Assistant:
I John Vig
I Executive Secretary:
I Lee Hildebrandt

1978 Erich Hafner I Erich Hafner I Executive Assistant:
I John Vig
I Executive Secretary:
I Lee Hildebrandt

1979 Erich Hafner I Erich Hafner Executive Secretary:
I Lee Hildebrandt

1980 Erich Hafner Erich Hafner Executive Secretary:
I Lee Hildebrandt

1981 Erich Hafner I Erich Hafner Executive Secretary:
Arthur Ballato I Lee Hildebrandt

1982 Vladimir G. Gelnovatch I Arthur Ballato
1983 IJohn R. Vig Samuel R. Stein

1984 John R. Vig I Samuel R. Stein

1985 John R. Vig I Samuel R. Stein Finance Chairman:

I Thomas Parker

1986 John R. Vig I Leonard S. Cutler I Finance Chairman:
I Thomas Parker
I Publicity Chairman:
I Raymond Filler

1987 John R. Vig I Leonard S. Cutler I Finance Chairman:
I Thomas Parker
I Publicity Chairman:
I Raymond Filler

1988 John R. Vig Thrygve R. Meeker Finance Chairman:
Raymond Filler

Local Arrangements Chairman:
Michael Driscoll
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Symposium Awards, 1966-1988

From 1966 to 1982, only one award, the C.B. Sawyer Memorial Award, had been presented at the
Frequency Control Symposium. According to the Sawyer Award announcement, the Award is "to
consist of $500.00 and a plaque, shall be made on an annual basis to the person, or the group
of persons, who, in the opinion of an independent three-man judging committee, has made the
most outstanding recent contribution to advancement in the field of quartz crystals and
devices. No award will be made in a year in which the committee determines that no award is
warranted. Presentations will be made at the Frequency Control Symposium."

Aside from permitting the presentation of the Sawyer Award at the Symposium Banquet, the
Symposium's management has had no involvement with the Sawyer Award. The Award is sponsored
by Sawyer Research Products, Inc.; the judging committee is selected by that company. The
first Sawyer Award was presented in 1966. It has been presented each year since then, except
in 1982, when no suitable award nominations were received.

In the early 1980's, sentiment was expressed at Symposium program committee meetings for the
creation of awards to recognize outstanding contributions in all fields covered by the
Symposium, not just in the field of quartz crystals and devices. Therefore, in early 1983,
the program committee voted to create two new awards. One, the Cady Award, named after Walter
Guyton Cady, is to recognize outstanding contributions related to piezoelectric frequency
control devices. The other, the Rabi Award, named after Prof. I.I. Rabi, is to recognize
outstanding contributions related to fields such as atomic and molecular frequency standards,
and time transfer and dissemination. Each award consists of $500.00, and a limited edition
original print and certificate in a leather binder. The awards are presented to the
recipients at the Symposium.

SAWYER AWARD WINNERS, 1966 to 1982:

1966 - Warren P. Mason: "For outstanding contributions in quartz crystal devices, particularly
in the field of frequency selection" and
Rudolf Bechman: "For outstanding contributions in quartz crystal devices, particularly
in the field of frequency control."

1967 - Raymond D. Mindlin: "For fundamental contributions to the theory of vibration in
piezoelectric resonators leading directly to advancements in the art."

1968 - Daniel R. Curran: "For original and imaginative design of multielectrode piezoelectric
resonators, concributing significantly to the rapid advance of the quartz filter art in
the past few years" and
David B. Fraser: "For contributions to the knowledge of the mechanisms of acoustic loss
in crystalline quartz, and the evaluation of this acoustic loss by optical methods."

1969 - Arthur W. Warner, Jr.: "Contributions to the development of high frequency thickness
shear quartz resonators for precise frequency control and as an aid to the measurement
of the intrinsic Q of quartz material."

1970 - Issac Koga: "Theoretical and experimental investigations of quartz and tutorial
leadership in the field of piezoelectric crystals."

1971 - Donald L. Hammond: "For development and applications of crystal devices to highly
precise frequency control, and temperature and pressure inscrumentation."

1972 - W.J. Spencer: "For advances in the theory and development of piezoelectric crystal
devices."

1973 - James C. King: "For major contributions to the understanding of the fundamental
properties of quartz crystals, and methods for improvement of these properties in
synthetic quari ."

1974 - Robert A. Laudise, Robert A. Ballman and David W. Rudd: "For outstanding contributions
to the synthesis of crystalline quartz with special properties for resonator
applications."

1975 - Morio Onoe: "For theoretical and practical contributions in the field of frequency
control and selection, as well as leadership in national and international committees
on piezoelectric devices."

1976 - Warren L. Smith: "For outstanding contributions in the field of precision crystal
controlled oscillators of high spectral purity and monolithic crystal filters."

1977 - Virgil E. Bottom: "In recognition of theoretical and practical contributions to the
Quartz Crystal Industry, and inspiration to his students to choose this field of
endeavor."
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1978 - Arthur D. Ballato: "For contributions in the field of piezoelectric crystals such as;
stacked filters, electric circuit analogues and stress effects in doubly rotated
plates."

1979 - Harry F.R. Tiersten: "For contributions to the theory of piezoelectric resonators."

1980 - Peter Chung-Yi Lee: "For contributions to the theory of vibrations in quartz crystal
plates."

1981 - Eduard A. Gerber: "For pioneering research in VHF and UHF precision oscillators and
filter crystals and international leadership in the field of frequency control" and
Roger A. Sykes: "For outstanding contributions in the development and application of
quartz crystals in the frequency control industry."

1982 - No award given in this year (due to lack of suitable award nominations).

AWARD WINNERS, 1983 to 1988:

Year Cady Award Rabi Award I Sawyer Award

1983 Errol P. EerNisse I.I. Rabi Erich Hafner
"For his theoretical predic- "For theoretical and ex- "For technical contribu-
tion of planar stress compen- perimental contributions tions and leadership in
sation in doubly rotated to atomic beam resonance the fields of quartz res-
quartz plate resonators lead- spectroscopy leading to onator research, technol-
ing to the realization of the the development of prac- ogy and measurement, and
SC-cut." tical atomic frequency high precision frequency

standards." control."

1984 Arthur W. Warner David W. Allan William B. Benedick,
"For his contributions to the "For his contributions to Robert A. Graham and
development of high precision the statistics of atomic Frank W. Neilson
quartz crystal units." clocks, measurement tech- "For their fundamental ex-

niques, time scale and perimental studies of the
time coordination and dis- physical properties of
tribution." crystalline quartz under

extreme pressures and
rates of loading leading
to applications including
a high pressure quartz
stress gauge with nano-
second time resolution."

1985 John A. Kusters Norman Ramsey Thrygve Meeker
"For his contributions to the "For his contributions to "For his contributions to
development of SC-cut and the development of atomic the theory and design of
other doubly rotated quartz frequency standards." piezoelectric quartz
resonators." devices."

1986 Juergen H. Staudte Jerrold R. Zacharias Larry E. Halliburton
"For his pioneering contribu- "For his contributions to "For his contributions
tions to the photolithographicl the development of atomic toward the characteriza-
processing of quartz devices, I frequency standards, tion of cultured quartz
especially the development and especially his scientific using infrared absorption,
commercialization of quartz I leadership, pioneering electron spin resonance,
tuning forks for timekeeping."I demonstration of the acoustic loss, and thermo-

technology, and entrepre- luminescence measurements."
neurial initiative which
led to the commercializa-
tion of atomic standards."I

1987 Virgil E. Bottom Louis Essen John A. Kusters
"For contributions to funda- "For contributions to "In recognition of out-
mental theory and experiments, cesium atomic beam and standing contributions in
stimulation of growth of the quartz frequency stand- engineering, technology
industry, and education in ards." development and management
quartz resonator technology." relating to quartz crys-

tals and devices."
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Year I Cady Award j Rabi Award Sawyer Award

1988 Baldwin Sawyer Gernot M.R. Winkler Charles A. Adams
"For his work leading to the I "For early development of "For contributions to the
development of improved cul- I worldwide clock synchron- development of unique
tured quartz crystals, improv-1 ization through use of devices and manufacturing
ed qualification techniques, I portable clocks; encour- technology."
and his tireless contributions[ agement and support for
to the frequency control the development of atomic
industry." frequency standards from

their earliest days; and
international leadership
in the time and frequency
community."
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INDEX TO THE PROCEEDINGS OF THE FREQUENCY CONTROL SYMPOSIUM

1956 (10TH) TO 1988 (42ND)
Prepared by: John R. Vig, US Army Electronics Technology and Devices Laboratory (LABCOM)

This index consists of a subject index and an author index. Each paper has been assigned
to one of fourteen categories. The subject categories are as follows:

1. Fundamental Properties of Natural and Synthetic Piezoelectric Crystals

2. Theory and Design of Piezoelectric Resonators

3. Radiation Effects on Resonators and oscillators

4. Resonator Processing Techniques and Aging

5. Filters, Surface and Shallow Bulk Acoustic Wave Devices, Other Nonquantum-electronic
Microwave Resonators, and Non-Piezoelectric Acoustic Resonators

6. Quartz Crystal Oscillators and Frequency Control Circuitry

7. Quantum Electronic Frequency Standards (Microwave Frequencies)

8. Quantum Electronic Frequency Standards (Visible and Infrared Frequencies)

9. Frequency and Time Coordination and Distribution

10. Applications of Frequency Control Devices

11. Measurements and Specifications

12. Frequency Stability and Phase Noise (other than "measurement of")

13. Sensors and Transducers

14. Other Topics

The papers are listed first according to the subject categories. Within each subject
category, the papers are listed in the order of the Proceedings volume numbers, then under
each Proceedings volume, according to the page numbers. (There were no Proceedings published
prior to the 10th Symposium.)

The papers are numbered according to the following numbering system:

first number = subject category
second number = symposium number
third number = page number of the first page of the paper

For example, paper number 11-24-301 is listed under category 11- Measurements and Speci-
fications, it is in the Proceedings of the 24th Symposium, and the paper starts on page 301 of
that Proceedings volume.

Users of this index are cautioned that each paper is assigned to only one subject
category, even though most papers touch on more than one category.

In the author index, the names of the authors are listed alphabetically, and for each
author, the papers are listed chronologically according to the Proceedings volume number.

This index is intended to be revised and updated periodically. Please send comments and
corrections to:

John R. Vig
US Army Electronics Technology and Devices Laboratory
ATTN: SLCET-EQ
Fort Monmouth, NJ 07703

or telephone: (201) 544-4275 or (201) 544-4805.

Acknowledgement

Thanks are due to Karen Blisnuk, Raymond L. Filler, Joanna Pridy and Deborah Semasko for
their contributions to the preparation of this document.
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SUBJECT INDEX
CATEGORY 1:

Fundamental Properies of Natural and Synthetic Piezoeectrc

1-10-45 Structure Sensitivity of Quartz - 1-18-121 The Doping of Cultured Quartz - A.A.
J.C. King Ballman and D.W. Rudd

1-10-60 Defects in Quartz Crystals - G.W. 1-19-5 New Piezoelectric Materials - A.W.
Arnold, Jr. Warner, Jr.

1-10-75 Growth of Quartz at High Temperature 1-19-669 Quality in Cultured Quartz - C.B.
and Pressure in the United Kingdom - Sawyer
L.A. Thomas

1-21-1 Impurities and Their Effects on the
1-10-94 Optimum Methods for Quartz Synthesis Acoustic Behavior of Crystalline

- D.R. Hale Quartz - D.B. Fraser

1-10-100 Physical Chemistry of Aqueous 1-21-39 Elastic and Piezoelectric Constants
Solutions - J.F. Corwin of Lithium Tantalate from Ultrasonic

Velocity Measurements - R.T. Smith
1-11-62 The Anelasticity of Natural and

Synthetic Crystalline Quartz - J.C. 1-22-15 Quality and Cost of Synthetic Quartz
King - H. Yoda, S. Taki, J. Asahara and

S. Okano
1-11-90 Some Properties of Doped and Undoped

Synthetic Quartz - J.M. Stanley and 1-23-21 Measurement of the Piezoelectric
A.R. Chi Coefficient of Quartz Using the

Fabry-Perot Dilatometer - V.E.
1-11-112 Defects in Quartz Crystals - G.W. Bottom

Arnold, Jr.
1-23-171 Computerized Process Control for

1-11-130 Improving the Quality of Synthetic Synthetic Quartz Growth - D.W. Rudd,
Quartz - F. Augustine R.E. Dubois and N.C. Lias

1-11-142 Factors Covering the Hydrothermal 1-26-92 The Growth of Lithium Tantalate, a
Formation of Cristobalite and Quartz Wideband, Low Impedance and Zero
- R.G. Yalman Temperature Coefficient of Frequency

Piezoelectric - D.W. Rudd and A.A.
1-12-67 Improving the Quality of Synthetic Ballman

Quartz - D.R. Hale and F. Augustine
1-26-93 Physical Properties of Synthetic

1-12-84 X-Ray Irradiation on the Quartz and Its Electrical
Anelasticity of Natural and Characteristics - S. Taki and J.
Synthetic Quartz - J.C. King Asahara

1-13-1 Dislocations and Impurity Induced 1-26-106 Observations on the Mechanical
Defects in Quartz - J.C. King Strain in Quartz Crystals Under

Electric Field Using Strain Gauge
1-13-17 Factors Influencing the Rate of Instrumentation and Their

Crystallization of Synthetic Quartz Application for Determining the
Crystals - R.A. Laudise Goodness of Raw Quartz Crystals - R.

Parshad and V.R. Singh
1-13-462 Progress in Engineering Cultured

Quartz for Use by the Crystal 1-28-8 Measurement of Nonlinear Elastic,
Industry - C.B. Sawyer Piezoelectric, Dielectric

Coefficients of Quartz Crystal -
1-14-1 Acoustic Behavior of Modified R.J. Besson

Synthetic Quartz - J.C. King
1-28-117 Defects in Synthetic Quartz Crystal

1-14-19 Piezoelectric Properties of Cadmium and Their Influences on the
Sulfide Crystals - H. Jaffe, D. Electrical Characteristics of Quartz
Berlincourt, H. Krueger and L. Crystal Resonators - J. Asahara, K.
Shiozawa Takazawa, H. Yazaki, J. Okuda, N.

Asanuma and K. Nagai
1-14-24 Study of Methods for Improving the

Quality of Synthetic Quartz - D.R. 1-28-125 Analysis of Synthetic Quartz for
Hale and H. Krueger Stringent Frequency Versus

Temperature Applications - L.
1-16-43 Microwave Acoustic Losses in Yttrium Conlee and D. Reifel

Iron Garnet - E.G. Spencer, R.T.
Denton and R.P. Chambers
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CATEGORY 1 (Cont'M:

1-28-129 Characterization of Cultured Quartz 1-32-43 Electrical and Acoustic Emission

for Use in Medium Precision AT-Cut During Ferrobielastic Twinning in
Quartz Resonators - J.H. Sherman, Quartz - T.W. Cline, J.W. Laughner,

Jr. R.E. Newnham and L.E. Cross

1-29-98 Production and Perfection of "r- 1-32-189 Progress in Closing the Lithium

Face" Quartz - R.L. Barns, E.D. Niobate-ST-Cut Quartz Piezoelectric

Kolb, P.L. Key, R.A. Laudise, E.E. Coupling Gap - R.M. O'Connell and

Simpson and K.M. Kroupa P.H. Carr

1-29-139 New Piezoelectric Materials Which 1-32-196 Experimental Measurement of the SAW

Exhibit Temperature Stability for Properties of Berlinite - D.G.
Surface Waves - R.W. Weinert and Morency, W. Soluch, J.F. Vetelino,

T.J. Isaacs S.D. Mittleman, D. Harmon, S. Surek
and J.C. Field

1-29-143 Temperature Stable Materials for SAW
Devices - T.E. Parker, M.B. Schulz 1-33-70 Bulk and Surface Acoustic Wave

and H. Wichansky Propagation in Berlinite - J.
Detaint, M. Feldmann, J. Henaff, H.

1-29-211 Influence of tae Inclusions in Poignant and Y. Toudic
Synthetic Quartz Crystal on the
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Costain, H. Daams, J.S. Boulanger
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Costain, J.S. Boulanger, H. Daams, Barnes and D.W. Allan
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Function Systems - T.C. Viars Butterfield

10-23-14 Frequency Control for Tactical Net 10-30-375 Time Requirements in the NAVSTAR
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Satellite Emitted Beacon Signals - Frequency by Means of "Center Line
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